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Description 

[0001] The present invention relates to batteries and 
in particular to rechargeable batteries and the recharg- 
ing thereof, for example Nickel Cadmium batteries, Met- 
al Hydride batteries and other battery types. The inven- 
tion also relates to battery packs including such batter- 
ies and protection circuits for batteries. The invention 
yet further relates to systems including batteries wheth- 
er rechargeable or not including sytems providing an in- 
dication or control of battery condition or state. 
[0002] When Nickel Cadmium batteries, for example, 
are charged, pressure within the battery casing increas- 
es, being particularly severe when the battery reaches 
full charge. If the battery is charged with a low or trickle 
current, then the battery is designed to withstand the 
increased pressure due to charging. In the case of a fast 
charge however, where a high current is necessarily em-- 
ployed, there is a significant risk of battery explosion if 
the battery were to reach full charge and the fast charg- 
ing current maintained. For this reason, fast chargers 
typically are arranged to reduce the charging current to 
at least a safe trickle level upon detection of the battery 
temperature rise associated with full charge. More so- 
phisticated chargers might detect the fall in cell voltage 
associated with full charge to trigger a reduction in 
charging current to a safe level, this latter technique 
known in the art as negative delta voltage (-Av) control. 
[0003] Hence, it may be appreciated that a charger of 
both suitable type and rating for the battery being 
charged must be employed. There would, for example, 
be a significant risk in charging a battery of the Nickel 
Hydride type with a charger intended for Nickel Cadmi- 
um type and the attendant risk of the use, by the public 
for example, of such chargers with Metal Hydride bat- 
teries has adversely affected the commercial introduc- 
tion of this latter type of battery. It is anticipated that this 
risk may increase as new battery technologies are de- 
veloped. 

[0004] Such risk would be particularly great if a Metal 
Hydride battery for example were manufactured with the 
standard mating footprint of a common piece of appa- 
ratus such as a video camera for which Nickel-Cadmium 
types (and hence chargers) had already been supplied 
[0005] Overcharge protected battery chargers for 
Nickel-Cadmium cells are an example of a control sys- 
tem for battery based operations. Other protection re- 
gimes might be employed for different battery types. Al- 
so known are arrangements which provide an indication 
of the present state of a battery, for example by perform- 
ing a simple voltage measurement 
[0006] In this context battery systems may be identi- 
fied, such systems including, for example a battery con- 
nected to a load, a battery connected to a charger, a 
battery connected to a battery condition monitor and a 
battery connected to a simple overcharge protection ar- 
rangement forming part of a battery charger such as a 
circuit for reducing charging current with voltage (for use 



15 747 B1 2 

with a lead-acid battery for example) or a batten/ tem- 
perature sensing bi-metallic strip in the charging path to 
disconnect charging current once a certain temperature 
is reached (for use with Nickel-Cadmium battery for ex- 
s ample). Aspects of the present invention have been ar- 
rived at by a consideration of batteries from this systems 
stand point. 

[0007] It is known from EP-A-0 290 396, WO-A- 
90/03682, WO-A-90/02 432 and US-A-4 455 523, a bat- 
to tery system with a charge control thereof including a bat- 
tery, means for sensing a battery operating parameter, 
a micro-controller arranged to receive said sensed pa- 
rameter and to make an adaption in the battery system 
in response thereto. 
is [0008] In the above cited prior art the operating pa- 
rameter is the battery current or temperature. 
[0009] Furthermore WO-A-90/02 432 discloses dis- 
play means to show the battery charge level as a per- 
centage of full charge, the discharge rate or charge rate 
20 as applicable, the time to 30%, 70% and 100% dis- 
charge at present rate, the time to full charge, the warn- 
ing condition, the time in GMT and date, calibration data 
during manufacturer's setting up. 
[0010] In addition US-A-4 555 523 discloses a porta- 
25 ble battery powered system including sensors for mon- 
itoring battery parameters and a memory for storing data 
based thereon and representative of available battery 
capacity as measured during a deep discharge cycle 
and by monitoring battery current thereafter during op- 
30 eration, a relatively accurate measure of remaining bat- 
tery capacity becoming available. The battery monitor- 
ing system may include a programmed processor cir- 
cuitry and may be secured to the battery so as to receive 
operating power therefrom during storage and handling. 
35 [0011] A discharge control circuit is provided to be 
controlled by the processor. 

[0012] WO-A-90/03 682 further discloses a battery 
and charging system therefor including a microproces- 
sor which may program a programmable constant cur- 

40 rent source to achieve a rapid charging cycle that will 
not induly overheat or overcharge the battery. 
[001 3] Thus the useful life of the battery is maximized. 
[0014] Also, by discharging the battery only after a 
predetermined number of charge cycles relative to the 

45 last discharge the "memory effect" may be avoided while 
battery life is optimized. 

[0015] Further, by tracking the total number of dis- 
charge/recharge cycles in the battery memory the 
charging unit and/or the battery may inform via respec- 
50 tive displays a user when the battery has reached the 
end of its useful life. 

[0016] This same reference discloses that at the con- 
clusion of a charging cycle, the charging unit may send 
updated charging information to the battery via a serial 
55 communication link to be processed, stored and option- 
ally displayed by the battery. 

[0017] US-A-4,455,523 teaches that the battery pack 
is to be subjected periodically to a deep discharge cycle 
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in order that the battery pack can maintain its full rated 
capacity and exhibit maximum operating life. Such a dis- 
charge cycle is controlled by a processor. 
[0018] WO-A-88/02565 discloses a non-isolated ther- 
mally responsive battery charger associated with a bat- 
tery and all the above cited references disclose battery 
chargers responsive to a battery operating parameter 
such as current, voltage or temperature. 
[0019] WO-A-90/03682 teaches means for measur- 
ing battery current associated with a fuse and WO-A- 
88/02565 discloses the use of a thermostat in series cir- 
cuit with a battery. 

[0020] US-A-4,670,703 discloses a battery charger 
with three different charging rates including thermistors 
to detect battery temperature and ambient temperature 
and to stop rapid charging when the battery temperature 
warms to 10°C above ambient temperature. 
[0021] GB-A-2 189 951 discoses prior art having the 
features contained in the preamble of claim 1 . 
[0022] According to the present invention, there is 
provided a battery pack including a cell or cells arrange- 
ment forming a battery, means for sensing a battery op- 
erating parameter, and a selective current shunting cir- 
cuit, characterized in that: 

the selective current shunting circuit is operable to 
increase the temperature of the battery pack in a 
vicinity of a temperature sensor element of a con- 
ventional charger by a current through a shunt re- 
sistor switched by a switching element to bypass 
the cell or cells when a predetermined operating pa- 
rameter of the cells is detected by the means for 
sensing. 

[0023] One operating parameter that might be sensed 
is onset of substantially full charge and one adaptation 
that might be made is charge current shunting following 
said onset. 

[0024] Parameters may be sensed which allow a cal- 
culation of the charge level currently remaining in a bat- 
tery or battery pack and an adaptation made in value 
indicative of such remaining charge. The value may be 
displayed, on an indicator on a battery pack, for exam- 
ple, or transmitted for example to host apparatus for dis- 
play or other action, such as warning or battery economy 
functionality. 

[0025] In order that features and advantages of the 
present invention may be further appreciated, embodi- 
ments will now be described with reference to the ac- 
companying diagrammatic drawings of which: 

Fig. 1 represents a battery, charger and protection 
circuit, 

Fig. 2 and Fig. 3 represent battery pack arrange- 
ments in schematic form, 

Fig. 4 represents an alternative embodiment of a 
battery pack, 

Fig. 5 represents in more detail an expanded portion 



of the circuit of Fig. 4. 

Fig. 6 and 7 shows battery pack layout drawings, 
Fig.8(a) and Fig 8(b) is a flow chart of typical oper- 
ation, 

5 Fig.9 represents a circuit schematic, 
Figs. 10 is a flow chart of operation, 
Fig. 11 shows a current sensing element, and 
Fig. 12 shows an arrangement for calibration. 

w [0026] Fig 1 shows a battery pack providing over- 
charge protection. The battery pack contains for exam- 
ple, two Nickel-Cadmium cells 11,12 wired in series and 
connected to a positive battery pack terminal 14 and a 
negative terminal 15 within a housing 10. With Nickel- 
is Cadmium cells and in particular the newer battery tech- 
nologies of Metal Hydride or Lithium based batteries, 
etc, a problem arises in providing a fast recharge high 
current charging regime without reducing cell life time 
(i.e. number of charge discharge cycles before dam- 

20 age). Full charge detection and immediate stopping of 
fast charge current is imperative for preservation of bat- 
tery longevity and indeed safety in some cases. At full 
charge, heat is generated within the cell resulting in an 
increase in temperature and a change in cell voltage 

25 (NiCad -ve Av phenomena). 

[0027] It is therefore proposed in accordance with the 
present invention to include within the battery pack a 
negative temperature coefficient resistor R 9 , co-operat- 
ing with a further resistor R 2 power absorbing resistor 

30 R v and a power switching transistor T, . R 9 is arranged 
to be in thermal contact with the cells. The battery pack 
is connected to a battery charger 16 shown diagram- 
matically to include a current source 17. The charger 16 
is of the type suitable for use with Nickel-Cadmium cells 

35 in a fast charging regime. That is the constant current 
source 16 delivers a relatively high current and a tem- 
perature sensor 18 is provided to contact the cell being 
charged and disconnects the current source when a pre- 
determined cell temperature is reached (indicative of full 

40 charge). 

[0028] R e and R 2 are defined such that at a pre se- 
lected temperature T, begins to conduct. The high 
charging current (fast charge current) is then diverted 
from the cells into l v i.e. shunted from the cells. Heat 

45 now generated in increases the temperature of the 
battery pack by virtue of its thermal coupling permitting 
the temperature or delta temperature function of the ex- 
ternal charger's end of charge fast current arrest to func- 
tion by virtue of contact of sensor 18 with housing 10. 

50 Typically, up to 2-3 watts could be radiated from R, , for 
example, resulting in an acceptable (in terms of battery 
life) battery operating temperature. It will be necessary 
to have an appropriate thermal resistance between R 1 
and R 9 enforced by physical layout for example. I n some 

55 cases the entire charging current could be shunted, al- 
lowing safe fast charging even with a charger that was 
not itself equipped with full charge detection. 
[0029] It will be appreciated that safe operation is not 
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a function of cell type and that Metal-Hydride, for exam- 
ple, cells could be used with the Nickel-Cadium config- 
ured charger. Enabling one cell type to minic another 
permits interchange of charger types and, as in the ex- 
ample above, the safe use of existing chargers. 
[0030] An alternative embodiment is illustrated in Fig. 
2 where parts are the same or equivalent to those of Fig. 
1 common reference numerals have been used. The 
presence of a sensing resistor Ft. in the cell supply line 
will be noted, as will the extra switching transistor Q v 
The main shunting transistor Q 2 has been uprated, with 
respect to that of Fig.1 , to a darlington configuration. 
[0031] Consider that the arrangement is connected to 
an operative charger, i.e. that there is current flow into 
the cells. Eventually, the temperature rise due to charg- 
ing sensed by R 0 causes both Q y and Q 2 to turn hand- 
on. Q 2 provides shunting as previously described. As 
the cells cools and the resistance of R e increases, Q, 
may turn off allowing the charging regime to be re-es- 
tablished. Hence with this arrangement, charge control 
may be established as a function of the battery pack al- 
lowing a broad range of charger types to be used, virtu- 
ally any current source being suitable. 
[0032] In design, values of R and R e (negative tem- 
perature coefficient) are chosen to give a dc bias ensur- 
ing that the transistors are hard on at the predetermined 
cell temperature. As to switching, gain is exhibited as 
follows: 

[0033] Let an increment in charging current be: 

AV Rs 
A 'charge - ^ 

Where V Rs is the voltage across R s . 

The resulting change in shunted current will be 

A V Rs 

AI S hunt-R^-* h FE Q 2 

[0034] Giving gain: 

Al hunt R s 

A 'charge M 2 

[0035] Consider now that the battery pack is connect- 
ed to a load, i.e. there is a net current flow from the cells. 
The voltage across R s now holds Q, off to ensure that 
no current is shunted. 

[0036] The ability to adapt to the direction of current 
flow is a particularly attractive feature, and an arrange- 
ment for amongst other things further exploiting this con- 
cept will now be considered. An embodiment is shown 
in figure 3 and as previously, common reference numer- 
als have been used where appropriate. 
[0037] It will now be referred to Fig. 3. 



[0038] A sense resistor R s is present in negative cell 
supply line 30. This sensor is used to provide a differ- 
ential input to a signal conditioning circuit 31 and onward 
to a multiplexer 32. A temperature sensor 33 which is in 

s intimate contact with a heat conductive member 34 con- 
tacting the cells also provides a signal to multiplexer 32. 
A yet further input to the multiplexer 32 is provided on 
an input line 35 connected to the overall positive voltage 
line of the cell array. One of the signals present at the 

10 inputs of multiplexer 32 may be selected thereby for ap- 
plication to an analog to digital converter 36 which op- 
erates in association with a reference voltage 37. The 
output of the A to D convertor 36 is fed as data to a CPU 
38 of a microprocessor arrangement including read only 

is memory 39 and random access memory 300. The proc- 
essor 38 controls a programmed logic array 301 which 
in turn activates a display 302 and also controls a power 
driver arrangement 303 which can switch a power tran- 
sistor 304 and activate a sounding device 305. Power 

20 transistor 304 is connected in association with resistive 
elements 306 and 307 to provide charge current shunt- 
ing in a way similar to that already described in relation 
to the previous embodiment. Resistor 307 is a power 
resistor which has an associated heat sink 308. Asso- 

25 ciated with the processor 38 is a timer 309. In the draw- 
ing figure, operational signal paths and components in- 
connections have been shown; signal connections such 
as data buses, address buses, control and timing signal 
connections have been omitted for clarity. 

30 [0039] In the arrangement as described above, it will 
be noted that the signal derived from sensor R s is not 
used directly as a circuit component, but rather as a 
means of providing a signal to a processing arrange- 
ment whereby adapation of the battery system may be 

35 controlled. 

[0040] The arrangement of Fig 3 may be arranged to 
provide overcharge protection and charge metering. 
[0041] The voltage across R s represents a sense re- 
sistor determination of battery current magnitude and di- 

40 rection. Use of a Hall effect device is an alternative to 
the use of this resistor keeping the load on the battery 
the same and its impedance unchanged. The processor 
is a sensor type microprocessor (micro-controller) with 
ROM and RAM and perhaps EPROM for non volatile 

is storage inputs permitting the periodic measuring of cell 
temperature, and battery pack current amplitude and di- 
rection. A suitable type would be TSS400 (Texas Instru- 
ments). 

[0042] The operation of the embodiment will now be 

so considered. 

[0043] The signal that commands transistor 304 to be 
on is used to give the battery full charge reference by 
means for example of detection of temperature profile 
or -Av tracked by the controller. Battery capacity will now 

55 be known for the current condition of the cells, since two. 
reference points (full charge and no charge) are fixed 
and current into and out of the cells can be measured 
and tracked by the controller and Rs.. The full charge 
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reference can be updated each time a full charge detec- 
tion is made and thus battery capacity with ageing can 
be tracked by storing in EAROM; even if the cells are 
charged to some intermediate level in the interim, actual 
battery capacity will still be known based on the moni- 
toring of current into and out of the cells. When the bat- 
tery voltage goes below say 1 Volt per cell (predeter- 
mined per type of cell), the cells are considered to be 
completely discharged giving the zero charge refer- 
ence. These references may be updated in nonvolatile 
rewritable memory and thus permits present total bat- 
tery capacity to be computed, relative to the established 
zero and full charge references. 
[0044] In the processor's memory, preprogrammed 
battery information is loaded. Type, date, present ca- 
pacity, etc can be flashed in the display 302 for say 5 
seconds at the start of each charge cycle. This informa- 
tion can be updated as charging proceeds to be dis- 
played periodically or on demand. 
[0045] The display 302 may be of the liquid crystal 
type and may also be used to display other messages 
of interest to the user, such as "Battery Charging in 
Progress". The display may be programmed to display 
the computed metered charge level relative to a cell of 
full capacity and/or relative to the computed actual ca- 
pacity established during the last charge cycle of the 
battery pack. When sourcing current, the time to com- 
plete discharge at the present loading may be displayed 
as 'minutes remaining' for example. Likewise during 
charging, 'minutes to full charge' could be displayed. 
The audible warning device may be used for example 
to warn of the onset of a low charge condition or the end 
of a charge cycle. 

[0046] In the program executed by the processor 38, 
account can be taken of the cell discharge current, and 
the magnitude of the discharge current with temperature 
in order to improve the accuracy of the stored battery 
charge state information. To arrive at the present 
charge-state, the historical current flow through the 
sensing resistor may be integrated and assessed in re- 
lation to the stored battery parameters. Hence, a charge 
meter may be provided which always tracks the condi- 
tion or state of the battery pack cells, whether they are 
being charged, loaded, or are inactive. When no current 
flow through R s is detected, the processor arrangement 
may be placed in a low current standby mode to save 
power, this mode may also be arranged positively to en- 
sure that the shunt switching transistor is off. In other 
operating regimes, current either taken or provided to 
the cells in either direction may be monitored by virtue 
of R s . Some capacitive charge storage is advanta- 
geously provided to allow the processor arrangement to 
operate for some limited time after the battery becomes 
completely discharged, to ensure, for example, that data 
to be stored in the non-volatile portions of the associated 
memory is secured. 

[0047] It will be appreciated that the arrangement has 
the ability to protect cells from overcharge by virtue of 



the processor monitoring of cell temperature with time. 
For example, temperature measurements could be 
logged at intervals such as each 5-10 seconds, and 
when a profile which matches a stored profile indicative 

s of substantially full charge is identified, the transistor 
may be switched to shunt the charging current. The bat- 
tery pack temperature then rises due to the heat dissi- 
pated in resistor R enabling the simple full charge de- 
tection by temperature of the battery charger to operate 

10 to end the fast charge current in appropriate charger 
types. The processor may be arranged such that this 
overcharge protection occurs only when the tempera- 
ture rise is due to the charging current (i.e. flow into the 
cells). It will be realised however that even for chargers 

is without the latter capability, over charge protection is still 
provided due to the current shunting. This means that a 
very cheap charger circuit may be used, and further that 
protection is offered even in the event of an unsuitable 
charger being connected. Also, a battery pack may be 

20 safely left connected to its load even with a fast charger 
connected, since excess current will be shunted. Addi- 
tionally or alternatively, protection could be effected by 
control of a relay in series with the charging current path. 
[0048] The protection and metering circuit of Fig 3 

25 may be integrated; the lightly shaded elements may be 
integrated as a micro-controller alternatively, all shaded 
elements could be integrated. The invention provides 
the possibility of a single-chip arrangement, with exter- 
nal high current switch. This enables cost reduction as 

30 well as tight packaging requirements to be met. 

[0049] An embodiment of an exemplerary micro-con- 
troller based system will now be considered in more de- 
tail. 

[0050] The system may include a 'sensor' type micro- 

35 controller (e.g. one of the TSS 400 series supplied by 
Texas Instruments Inc), a battery cell temperature sen- 
sor, a high current shunting transistor, a distributed heat 
radiating resistor, a current sense resistor and a display 
and audio beeper, all resident within the battery pack. 

40 [0051] For the battery technology of the cells (Nickel 
Cadmium, Nickel Hydride, etc) the characteristic tem- 
perature profile for the battery type reaching full charge 
is stored in the non-volatile ROM of the micro-controller. 
On a periodic basis, the current flowing through the cur- 

45 rent sensing resistor (.025 Ohms in series with the bat- 
tery output terminal will not greatly swamp the cells in- 
ternal impedance) is monitored and the direction and 
amplitude of the current ascery ined as is the present cell 
temperature in real time. 

50 [0052] On detection of a temperature rise of the form 
that indicates substantially full charge for the battery 
type, the micro-controller checks with its stored data as 
to whether the magnitude of the charging current is be- 
low the threshold demanding full charge supervision or 

55 control; if so, no shunting of the charge current will be 
required on reaching full charge. However, if the charge 
current is great enough to require full charge supervi- 
sion, the magnitude of the charge current shunted is 
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computed to result in a net C/10 (or of magnitude rec- 
ommended by the battery manufacturer) current into the 
cells where C is the specified full fast charge current. 
Large capacity batteries for example can be equipped 
with additional terminals permitting a failsafe charger 
control protocol (data exchange) to exist between the 
battery and the charging circuit enabling direct control 
over the charging current. 

[0053] During the 'shunting' period, the current into 
the cells continues to be monitored by the micro-con- 
troller and its magnitude compared to that permitted af- 
ter full charge detect; if greater that C/10 plus the max- 
imum possible shunt current, an alarm (beeps and flash- 
ing display) signals the user to halt the charging process 
(this indicating that a charger other than the recom- 
mended rating is used as the shunting capacity is ex- 
ceeded). 

[0054] Also during the shunting period, heat is pro- 
duced by the shunting elements thus mimicking the op- 
eration of a Ni-Cad cell whatever the cell type; a charger 
with temperature sensing will detect this temp rise and 
stop delivery of the fast charge current. Also, on shunt- 
ing say 1C from the battery, a voltage drop across the 
battery terminals will result; this will be deteced as a -AV 
thus again mimicking Ni-Cad characteristics enabling 
chargers controlled in this way to trigger. Battery packs 
thus controlled are therefore autonomous as regards 
their charge control; dangerous cell temperatures re- 
sulting in the full shunt current and alerting signals. 
[0055] Through the monitoring of the charge and dis- 
charge currents, the micro-controller computes the 
charge state of the battery, makes corrects for cell tem- 
perature and magnitude of current from the cells and 
may then display the results. Optional warning tones 
based on say, preset charge levels, e.g. low charge and 
full charge warning beeps, are also controlled by the mi- 
cro-controller. The shunting circuit, under control of the 
micro-controller, is also programmed to 'auto-condition' 
the battery; i.e. perform a complete discharge followed 
by a full charge. This feature may be also or exclusively 
user initiated. Otherwise, the controller may be pro- 
grammed to indicate the need for or to execute auto- 
conditioning periodically. 

[0056] Some analysis and desirable operating proce- 
dures to be followed by the micro-computer as pro- 
grammed will now be presented, three battery operating 
regimes being identified. 

Rest-Mode 

[0057] Here the battery niether has a load across its 
terminals nor receives a charging current into its termi- 
nals. Ni-cads in this state slowly self discharge with a 
current equivalent to Isd that is a function of the cells 
temperature. The charge at rest mode, Q r , relative to 
the initial charge, Q ir , is therefore: 



Q r = Q jr -E{lsd(T)} 5 t, 
summed over time in rest mode. 

s 

Discharging 

[0058] Here there is a net current, l dd , out of the bat- 
tery cells. 

10 [0059] Under discharge there must be a battery volt- 
age within the normal operating range; this absolute 
voltage is a function of the cell temperature. If the actual 
value is below this lower threshold voltage, the battery 
can be considered fully discharged and the battery sta- 

is tus so displayed. This can also be used to fix the lower 
reference point. 

[0060] For discharge in the normal temperature com- 
pensated operating voltage range (i.e. with specified op- 
erating conditions), the remaining charge in the battery 
so Q d is a function of the magnitude l md of current taken 
from the battery and the cell temperature. 

Q d = Qi-2{ldd( l md. T ) +l »d(T)}8t; 

25 

summed over the total discharge time. 

[0061] For large discharge currents the self discharge 

current will be proportionaly insignificant hence can be 

ignored. 




[0062] Here there is a net current, l cc , into the battery 
cells. 

35 [0063] On charging completely discharged cells, 
there will be a wait time before the battery voltage falls 
within its normal operating range. The micro-controller 
must therefore wait for this to occur in defining zero 
charge state. The normal operational absolute voltage 

40 is a function of the cell temperature. 

[0064] For charge in the cell's normal temperature 
compensated operating range, the remaining charge in 
the battery, Qc is a function of the magnitude Imc of cur- 
rent charging the cells and their temperature. 

45 

Qc^Qi+^i'ocCmc.TJ-'sdt 1 )} 61 

summed over charge time. 
so [0065] Micro-Controller functionality in the three 
modes identified above will now be considered. 

Mode-1 Battery not used- Rest Mode 

55 [0066] In this mode, a Self Discharge Summation 
Register (SDR) is defined to give a value representing 
the time and temperature corrected value of charge lost 
by the battery through self discharge. In this regime:- 
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1. The microprocessor is in its power down mode 
with the clock functions operating. 

2. The cell temperature is measured periodically, 
say each 30 seconds and the Mode-1 self discharge 
normalised temperature calculated and added to 
the self discharge sum register SDR. 

3. The voltage across Rs (Battery current sense re- 
sistor) is periodically (only every 10 seconds, since 
the processor needs to be fully powered) monitored 
and if less than say 20mA (which is considered to 
represent zero current) the microprocessor returns 
to the powerdown mode. 

[0067] A typical model for remaining capacity Cr, 
when battery is at rest is given by: 

Cr = Ca * exp(-t/T), where: 

Ca = actual or initial capacity 

T = time constant in days (to 36.8% Ca) 

t = open circuit rest time in days 
[0068] This formula or a table representative thereof 
may be programmed in the processor to provide an in- 
dication of battery charge state. 

Mode-2 Battery Discharging, i.e. net output current 

[0069] In this mode, a Battery Discharging register is 
used to give a value representing the temperature cor- 
rected charge lost through self discharge, plus, the time, 
temperature and amplitude (vs time) corrected value of 
charge drawn from the battery (calculated from the volt- 
age drop across R s ). In this regime:- 

1 . The microprocessor powers up to full activity 
when the voltage amplitude measured across Rg 
exceeds say 400U.V. 

2. The cell temperature is measured periodically, 
say each 5 seconds and the mode-1 self discharge 
normalised temperature calculated and added to 
the self discharge sum register SDR. 

3. The voltage across R s (Battery current sense re- 
sistor) is periodically (once a second) monitored 
and if greater than say 400uV the microprocessor 
remains in the powerup state and continues to mon- 
itor the charge from the battery and temperature 
and amplitude correcting the Battery Discharge 
Register with the calculated current value of re- 
maining charge. The display is then updated with 
this value to indicate the battery's remaining charge. 

4. Even at the end of Mode 2 operation, full (i.e. 
each second) monitoring is performed for about 2 
hours to avoid errors in measurements due to short 
or sporadic usage. 
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Mode-3 Battery Charging, i.e. net input current 

[0070] In this mode, a Battery Charging register is 
made to give a value representing the temperature cor- 

5 rected charge lost through self discharge, plus, the time, 
temperature and amplitude (vs time) corrected value of 
charge put into the battery (calculated from the voltage 
drop across Rs). On detection of a charging current, the 
battery characteristics pre-programmed in the memory 

io of the microprocessor is displayed for a given time; an 
alternative would be to have the display activated when 
an optional battery condition button is pressed, or both 
may be combined. 

[0071] When a preset determined temperature profile 

15 over time is detected through the temperature sensing 
or the -Av point encountered or either, the battery is con- 
sidered to be at a percentage of full charge depesnding 
upon cell type and the charge current shunting transistor 
switched on with a computed magnitude of shunt current 

20 to provide top-up to full charge. This may be actioned 
via a look up table. For example, Nickel-Cadmium cells 
typically give an indication when about 90% charged. 
Current may then be dropped to trickle level. With Metal 
Hydride types computed trickle current could be applied 

25 for a computed time fully to charge the cell. After full 
charge, trickle current for this type is reduced to zero by 
shunting to prevent cell damage. 
[0072] When outside of the range of preprogrammed 
cell temperatures, the shunting current is commanded 

30 such as to result in a net trickle current (appropriate to 
the cell type) into the cells. This helps prevent damage 
or unexpected behaviour when outside normal operat- 
ing limits. In this regime:- 

35 1. The microprocessor powers up to full activity 
when the voltage amplitude measured across R, 
exceeds, say 400uV. It can remain powered as long 
as the net current charges the cells as it will be sup- 
plied from the external source. 

2. The cell temperature is measured periodically, 
say each 5 seconds and the mode-1 self discharge 
normalised for temperature calculated and added 
to the self dishcharge sum register SDR. 

45 

3. The voltage across R. (Battery current sense re- 
sistor) is periodically (once a second) monitored 
and if greater than say 400u.V the microprocessor 
remains in the powerup state and continues to mon- 

so itor the charge from the battery and temperature 
and amplitude correcting the Battery Discharge 
Register with the most recently calculated value of 
remaining charge. The display is then updated with 
this the battery's remaining charge. 

55 

4. During shunting, R s is continually monitored to 
take account of the current flow out/into the battery 
and the Battery Charge Register updated accord- 
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ingly. Full charge will be indicated based on calcu- 
lated average charge into battery after temperature 
profile has been detected. 

[0073] It will be appreciated from the foregoing that 
the monitoring regimes and periodicity have been se- 
lected to conserve battery energy and in dependance 
upon the extent to which the processor must be powered 
to perform the required functions. 
[0074] It will further be appreciated that at any time 
the battery charge state may be derived by combining 
the contents of the Self Discharge Register (SDR), the 
Battery Discharge Register (BDR), and the Battery 
Charging Register (BCR). 

[0075] A charging regime which may be programmed 
into the micro-controller of the embodiment described 
thus far will now be described with reference to the flow 
diagram presented at Fig. 8 (a) and continued at Fig. 8 
(b). 

[0076] Initially, the micro-controller is assumed to be 
in the power down energy saving mode (80). When a 
charging current is detected by monitoring the sensing 
resistor, the micro-controller is powered to full activity. 
A timer which will later define the time remaining until 
the current shunt is activated is re-set. The voltage 
across the cells is read and stored. After a 30 second 
pause, the voltage is read again and stored once more. 
This provides information for the decision (81) to be 
made on whether the battery was discharged since the 
micro-controller was last energized. If the battery has 
been discharged, then a counter is incremented and 
stored in non-volatile memory to indicate the total 
number of cycles to date to which the battery has been 
subject. Either way, at box 82, a decision is reached on 
whether the battery voltage is sufficient for a reliable 
measurement to have been likely. If no such measure- 
ment was obtained, a loop counter is incremented and 
provided (83) the loop count has not become excessive, 
a second attempt to read the battery voltage is made 
after a pause of 1 minute. If this loop is entered more 
than 1 0 times, control passes to a fault routine 810 since 
the performance of the cells is not consistent with nor- 
mal operation. 

[0077] When a reliable reading has been obtained (la- 
bel (b)) the voltage across the sensing resistor, is meas- 
ured and the battery current direction computed there- 
from. If there is no current flow (84) then the rest mode 
as described above is entered (85). If the current is not 
a charging current (in other words it is out of the battery 
pack) then the discharging regime 86 is entered, this re- 
gime is described functionally above. However, if a 
charging current is present, the magnitude of the current 
is computed and stored. Should the magnitude of the 
charging current be too high for the cells present in the 
battery pack, an alarm routine 88 is entered, which 
would typically include a visual and audible warning of 
the dangerous condition as well as a permanent switch- 
ing of the current shunting arrangement to minimise the 
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actual charging current reaching the cells. 
[0078] Continuing to that portion of the flow chart 
shown in Fig. 8 (b), the present state of the battery 
charge is recalled from the non-volatile memory and the 

s current shut timer set with a safe time limit for full charge 
(fast charging) current to be passed to the cells. Subse- 
quently, the cell temperature is read and stored so that 
a profile of cell temperature with time may be built up. If 
the cell temperature is within the range (89) for which 

10 fast charging is appropriate, then the cell temperature 
profile established to date is examined to see if the pro- 
file is equivalent to that of a full charged cell array (800). 
If not, after a pause of 1 minute and assuming the timer 
which has set the fast charging time limit before current 

15 shunting is to be applied has not expired (801 ), control 
loops back to a point label (a) where a portion of the 
aforesaid control regime is repeated. An outcome of this 
iteration is that repeated samples of cell temperature 
with time are stored and a profile built up which will even- 

20 tually equate with the full charge profile (at step 800). 
An adjustment (803) may be made to account for tem- 
perature and any extent to which full charge is indicated 
before the cells are absolutely fully charged, the charge 
register is then set to full charge (804) for the prevating 

25 cell conditions. Whether full charge was reached or not, 
the current charge level, based on the charging which 
has occured applied to the previously stored battery 
charge status, is displayed. At this point (B05), the cur- 
rent shunting transistor is switched on so that only a 

30 trickle current remains at the cell terminals (for the case 
of Nickel-Cadmium cell for example). 
[0079] If it had been that the cell temperature was out- 
side the range for which fast charging could be safely 
applied (89), then following a display and audible warn- 

35 ing, this trickle charge mode would be entered. Either 
way, after a pause of 1/2 minute the voltage across the 
sensing resistor is again measured to establish whether 
the charing current has yet been switched off. If not, con- 
trol passes back to label (a). 

40 [0080] If charging current is no longer present, a de- 
cision is made (B07) whether to enter the discharging 
regime (808) or to power down the micro-controller into 
the power saving rest mode (809) ready for the next 
charging current detection to invoke the control regime 

is again. 

[0081] A physical arrangement of the components of 
an embodiment of the present invention is shown in Fig. 
6, wherein where possible reference numerals in com- 
mon with the other figures hereof have been used. That 

50 embodiment will now be described. 

[0082] An array of re-chargeable cells 11 , 66, 67, 68 
and 1 2 is contained within a thermal and electrical insu- 
lator 60, thermal sensor 33 contacts the cell array and 
is mounted on a printed circuit board 26 which carries 

55 all the components including the audio enunciator de- 
vice 305 and the display 302 formed as 5 by 7 segment 
liquid crystal devices. The arrangement also includes a 
button 61 which may be pushed when a display of bat- 
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tery condition is required on the display 302. A light emit- 
ting diode is also provided on the printed circuit board 
26 visible through a case 64 which is arranged to flash 
when the charge remaining in the cell falls below a pre- 
determined level. The power components (current 
shunting, for example) of the embodiment are contained 
in a region 63 of the printed circuit board 26, which is 
fixed by a screw or snap fitting 65 to a carrier member 
69 within case 64. 

[0083] The embodiment described thus far uses a re- 
sistor to sense current flow with respect to the cells, al- 
though it will be appreciated that other sensors (hall ef- 
fect, for example) may be used. In some applications an 
existing 'thermostat' may be used to provide the sensing 
element without adding an extra component. 
[0084] The thermostat is typically a bi-metallic strip 
contactor placed electrically in series with the cells and 
in thermal contact therewith. The contacts are set to 
open to disconnect the cells if an extreme temperature 
exists. The device has resistance and hence provides 
a means for current sensing. The thermostat may be ar- 
ranged to self heat so that it opens for excessive current 
flow. Here the resistance is chosen appropriate to the 
energy cell rating. 

[0085] Alternatively, the arrangement of Fig. 11 may 
be employed, which shows a thermostat having con- 
tacts 150, an input 151 and an output 154. A bimetallic 
element 153 has a resistance Rs. A third terminal 152 
and terminal 154 may be used to provide a sensing el- 
ement that is unaffected by contact resistance changes 
[0086] An alternative embodiment of the present in- 
vention is shown in Fig. 4, and where parts are the same 
or similar again common reference numerals have been 
used. It will be observed that with respect to the embod- 
iment of Fig.3, interalia the present embodiment addi- 
tionally comprises a temperature sensor 40 which may 
pass ambient temperature information to processor 38 
via multiplexer 32 and a to d converter 36. This enables 
further precision in calculations since for example, the 
effect of ambient temperature may now be included in 
a computation concerning battery charge status. The ar- 
rangement also includes some electrically erasable pro- 
grammable read only memory 42 which may be dedi- 
cated to battery characteristic tracking parameters so 
that information regarding battery condition or status 
may be stored and restored by the processor 38. This 
also ensures that the information will be available even 
if the cells go through a period of complete discharge 
and no other power supply is available. 
[0087] The embodiment is also provided with a bi-di- 
rectional data input/output bus 41 which may be con- 
nected to external devices to enable the transfer of data 
between the processor 38 and external equipment. For 
example, the equipment which the battery is powering 
may receive information concerning cell condition and 
potential life, and may use this information as a basis 
for internal control. Alternatively, battery identity infor- 
mation may be passed to a suitably equipped charger 
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which may be configured or self-configured to provide 
an optimum charging regime for the battery pack. 
Hence, this embodiment is readily adaptable to various 
protection schemes and can be reprogrammed exter- 
s nally to some extent by downloading, for example by an 
intelligent charger or application for an optimum charge 
current profile. 

[0088] The present embodiment is provided with a 
charge regime control arrangement as an alternative to 

10 the charge current shunting arrangement of the embod- 
iment previously described. However, it will be appreci- 
ated that the charge control arrangement to be de- 
scribed and the aforesaid shunting arrangement may be 
provided together in a single battery pack. 

15 [0089] The present embodiment has an input 45 to 
which the charger may be connected in addition to pos- 
itive and negative cell terminals, respectively 1 4 and 1 5. 
The benefit of this arrangement is that three charging 
regimes may be made available by providing switching 

20 transistors Q1 and Q2. When both transistors are off, a 
trickle charge path is provided via resistor F^ . When a 
control signal is provided by the processor on line 43 to 
switch Q2 into the conductive state an additional quick 
charge medium current path is provided via Q2 and re- 

25 sistor R 2 . When a signal is similarly generated on line 
44 transistor Q1 switches on providing a full current fast 
charge path. The operation of this arrangement will now 
be considered in more detail with reference to Fig.5 
which shows a circuit diagram of the charge control ar- 

30 rangement. The quick charge signal provided on line 43 
by the processor 38 is connected to terminal 50. The 
fast charge signal provided on line 44 is connected to 
terminal 51 to control Q1 via Q4. An additional terminal 
54 can provide a conditioning discharge regime when 

35 energized by a signal from the processor (not shown in 
Fig. 4), it being known that Nickel Cadmium cells for ex- 
ample, can develop a "memory effect" which prevents 
full charge capacity usage being sustained and that this 
may be overcome by running the battery down periodi- 

40 cally to the substantially fully discharged condition and 
then fully charging the cells. When both transistor Q1 
and transistor Q2 are off, a trickle charge path is provid- 
ed via resistors 52 and 53, with some control provided 
by switching Q8. A switch for complete disconnection 

is may also be provided. 

[0090] The arrangement is shown with alternative bat- 
tery chargers; the high impedance charger 55 (as might 
be used presently with Nickel Cadmium cells) and the 
voltage source charger 56 (as might be used presently 

so with lead acid cells). It will be appreciated therefore that 
regardless of the cell type being charged, the control ar- 
rangement allows the use of substantially any type of 
charger. Onset of full charge can be indicated by an au- 
dible and visual warning that the charger should be dis- 
ss connected. 

[0091] The operation of the arrangement under vari- 
ous conditions will now be described. 
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Discharging 

[0092] On a periodic basis, say once per second, the 
current flowing through the current sensing resistor, Rs 
(tor a 5 cell battery pack .020 Ohms in series with the 
cell's internal impedance will result in less than 0.5% ad- 
ditional power loss), the cell's voltage, the cell's case 
temperature and the ambient temperature are meas- 
ured and stored. 

[0093] When connected to an application, discharg- 
ing current flows; with the aforementioned measured 
data the microcontroller calculates the delta charge loss 
(temperature normalised), subtracts this from the previ- 
ously displayed charge, then displays the charge re- 
maining in the battery on the LCD or LEDs; a graphical 
5-step display would imply a +/-10% overall accuracy. 
For large discharge currents the voltage drop across the 
cells' internal resistance, cell temperature corrected, 
must be subtracted from the cells' terminal voltage in 
order to determine the available electromotive force of 
the cells, especially when absolute voltage levels are 
programmed to indicate the cells' low and no charge 
thresholds. 

Low Current Discharging 

[0094] Two categories of currents must be consid- 
ered, namely the self discharge current (including the 
currents taken by the charge measurement system) as- 
sociated with the cells when the battery pack is open 
circuit, and small 'leakage currents' taken from the bat- 
tery pack, typically, by applications in their 'OFF' or 
'standby' state. The self discharge current is generally 
exponential with time as its magnitude is a function of 
the charge present in the cells. An equation or table can 
be programmed to use the time constants input for the 
cell technology and the measurement system can then 
include the charge loss corresponding to the time the 
battery pack was in its open circuit state. 
[0095] The voltage range used by the 12 bit Ana- 
logue-to-digital converter in conjunction with Rs (0.020 
Ohms) enables the microcontroller to detect currents 
greater than +/-10mA. Currents of this and lesser am- 
plitudes (for example the 'leakage' current taken by a 
video camera when it is switched off) flowing through 
the very low internal impedance of the cells results in a 
negligible voltage loss; the relatively predicatable tem- 
perature corrected delta 'open circuit' voltage versus 
'delta charge loss' law (in the region 1 5% to 85% typical 
discharge levels) for the cells can be used in determin- 
ing low discharge current charge loss. Having 0.2mV 
measurement resolution for example, the microcontrol- 
ler system is thus able to compute the charge loss cor- 
responding to low currents from the cells using this delta 
open circuit voltage scheme then ensure that the result 
lies between the computed 'self discharge' charge loss 
and charge loss equivalent to a current drain of 10mA 
(minimum current resolution) for the corresponding time 



period. This method overcomes the need for having the 
measurement system resolve currents lower than +/- 
10mA. 

s Charging 

[0096] In the absence of a charger, and when not con- 
ditioning the cells, the microcontroller holds Q4, Q5 and 
Q6 OFF. When a charger is connected to the Charge 

10 terminal of the battery pack, the voltage at the emitter 
of Q7 rises above its base (battery pack) voltage thereby 
turning Q7 ON; the resultant 'hi' voltage at the collector 
of Q7 is divided by the potential divider R1 3, R1 4, then 
directed to bring the microcontroller out of stand-by 

is mode. The latter immediately takes control of the charg- 
ing of the cells. 

[0097] Q8 permits the microcontroller and its support- 
ing circuits to be powered either from the cells of the 
battery pack or from the charging source; charge control 
20 is thus assured even when the cells are completely dis- 
charged. 

[0098] A maximum fast and quick charge time as a 
function of the computed average charge current is set 
for each charge by the microcontroller; after this interval, 

25 Q1 and Q2 are switched OFF allowing only trickle 
charge currents into the cells. This is a safety feature. 
For added security and cell protection, the microcontrol- 
ler is also programmed not to fast charge a batter/ pack 
that has charge greater than 90% (redefinable) of its full 

30 charge capacity; trickle top-up charging ensures full 
charge. 

[0099] The cell manufacturer may also set tempera- 
ture limits outside which fast or quick charge is not per- 
mitted; these may be programmed into the microcontrol- 

35 ler's software routine. Also defined for the cell type may 
be the maximum peak and the maximum average fast 
charging currents. When not equal, pulse width modu- 
lation of the higher current to average it to that specified 
is used. For example, periodically switching from high 

40 current to medium current or trickle current and repeat- 
ing to give a computed average value of current. 

Fast Charging 

45 [0100] On connection of the Charger to the battery 
pack, the microcontroller immediately turns ON the Fast 
charge transistor Q1 by outputing a 'hi' voltage at the 
base of Q4 through the current limiting resistor R6; LED 
D1 illuminates, signalling Fast Charge currents. If the 

so current through Rs is computed as less than the maxi- 
mum for the cell type and less than the average charging 
current limit preprogrammed, Q1 remains ON through 
to full charge' detection or timeout. Batteries left unused 
for a long time show an increased internal resistance; if 

55 fast charged in this state, decreased battery life may re- 
sult. The cell voltage is therefore compared to a stored 
upper limit; if it exceeds it, Q1 and Q2 are switched OFF 
permitting only trickle charging (or Quick Charging if 
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specified by the cell manufacturer). 
[0101] However, if the current through Rs is computed 
as less than the maximum peak for the cell type but 
greater than the average charging current prepro- 
grammed, Q1 is initially held ON for at least 3 seconds 
to permit fast chargers with open circuit maximum volt- 
age detectors to acknowledge the presence of the cells, 
then the microcontroller switches Q1 ON and OFF cy- 
clically thereby pulse width modulating the charging cur- 
rents so as maintain an average charge current that is 
below the maximum for safe and efficacious charging. 
Should say a 4 second cycle be used, and a '1C aver- 
age charge current is recommended, the typical fast 
charge operation will be, Q1 ON continuously for a '1 C 
DC charger, Q1 ON 2 seconds OFF 2 seconds for a '2C 
DC charger and Q1 ON 1 second and OFF 3 seconds 
for a 'AC charger. Case temperature measurements are 
made immediately at the end of each fast current pulse. 

Quick Charging 

[0102] If the charging current computed exceeds the 
maximum peak limit set for the cells, Q1 and LED D1 is 
turned OFF within milliseconds of being ON to avoid 
damaging the cells, then Q2 is turned ON; so doing illu- 
minates LED D2 to indicate 'quick charging 1 in progress. 
The Q2-R2, Q3-R3 resistor arrangement will limit the 
quick charge current to the cells to approximately 
300mA, whether the power at the charge input of the 
pack is a current source or a voltage source. Resistor 
R1 has a dual role: a) it serves as a path for the trickle 
charge current when transistors Q1 and Q2 are OFF and 
b) it enables computation of the voltage at the pack's 
charge input. Knowing the current limit set for Q2-R2, 
the total current into the cells is I-Q2R2 plus the current 
I-R1 resulting from the volts drop across R1 ; therefore 
from the cell current data, the charge voltage may be 
computed. If a preprogrammed limit corresponding to 
the full charge voltage of a lead acid car battery is ex- 
ceeded, Q2 is turned OFF to avoid self overheating. 

Trickle Charging 

[0103] When Q4, Q5 and Q6 are OFF and a power 
source is at the charge input, the trickle current is de- 
fined by the voltage drop across R1; specifying the 
charge input voltage to 16V absolute maximum makes 
the maximum trickle current 80mA for completely dis- 
charged cells, and 45mA when the battery pack's volt- 
age is 7V. Typically a 5-cell charger will voltage clamp 
in the 10V region thus giving a 50mA maximum (zero 
cell voltage) and 15mA (7V at battery pack) trickle cur- 
rent. R1 can also be redefined to meet the trickle charge 
current requirements of the cell technology in use. 
[0104] An alternative algorithm where the trickle 
charge current and voltage conditions are tested and 
which then progresses on the Quick Charge conditions 
and finally to Fast Charge conditions can also be imple- 



mented should the cell manufacturer so recommend. 
Full Charge Detection 

5 [0105] Two means for 'full charge' criteria are pro- 
grammed. During charging, comparison of the cells' 
case temperature profile and terminal voltage profile are 
made to those stored in memory and representative of 
the onset of full charge for the cell type determined. If 

io the magnitude of the charging current is then computed 
to be below the threshold requiring full charge supervi- 
sion, no change to the charge current is made, other- 
wise the charging current is reduced to a trickle current 
by switching Q1 and Q2 OFF. The charge corresponding 

15 to the onset of full charge is stored in the memory of the 
microcontroller system; the maximum charge for the 
cells will therefore be reached by top-up trickle charging 
for a computed time period. As the trickle charge current 
will be greater than that for the cells' self discharge, the 

20 battery pack will be assumed 'full' until charge is with- 
drawn from it. 

Battery Conditioning 

25 [0106] When the microcontroller measures a cell volt- 
age corresponding to a preprogrammed limit of say 
10%, charge remaining in the cells and no current is tak- 
en by the application, it proceeds slowly to discharge 
the cells to a predetermined voltage level. This redress- 

30 es any memory effect and results in increased efficiency 
of the battery pack. In Fig. 5, Q6 a Darlington transistor 
is switched ON to allow the conditioning current to flow 
through R11 and the LED D3. For a 5 cell batter/ pack 
with R11 equal to 100Ohm, the conditioning current will 

35 be approximately 50mA. On sensing external current 
flow into or out of the battery pack, the conditioning cur- 
rent is immediately switched off. 
[0107] Another conditioning regime would be to follow 
discharge with a fast charge. In any case, it will be ap- 

40 preciated that the battery capacity will be known at all 
stages of the process due to charge tracking by the proc- 
essor. 

[0108] It will be appreciated that provided the total cell 
voltage remains within the operating range of the circuit 

is elements, the described embodiment of the present in- 
vention may accommodate differing battery technolo- 
gies by 'software' changes. For example, the same em- 
bodiment could manage cells with a 'zero charge' volt- 
age of 3.8v and maximum full charge voltage (including 

50 fast charge voltage drop) of 1 8 volts. 

[0109] Also shown in figure 4 is the position (400) 
which a combined thermostat/sensor of the type shown 
in figure 15 may occupy. 

[0110] Figure 9 details the circuit diagram used for the 
55 microcontroller and its supporting elements. The main 
block is the microcontroller with the LCD display LCD1 . 
Integrated circuit U2 is the E2PROM which at present 
contains the entire software for the system; debugging 
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thus does not require hardware mask changes a fully 
masked arrangement is envisaged, however. The tem- 
perature sensors RT1 and RT2 are of the silicon diode 
type with a constant current directed through them dur- 
ing temperature measurements. The Reset circuit gives 
a logic '0' signal to the microcontroller when the battery 
voltage falls below a preprogrammed value (around 
3.7V for a regulated Vdd of 3.5V), then with its hysteresis 
does not permit the return to a logic 'V until the battery 
rises say 200mV above the first threshold voltage. 
[0111] The regulator is realised with a micro current 
Opamp U3A and a micro power Voltage regulator D2. 
Voltage regulation is achieved even with the battery volt- 
age 200mV above the regulated Vdd voltage. Further 
power saving is being achieved by biasing the Opamp 
and the Voltage regulator from the regulated voltage (a 
start-up resistor from the base of Q3 to ground then nec- 
essary). 

[0112] By changing the technology from for example 
Texas Instrument's 2-micron generic to e.g. LinBiCMOS 
the design of a one chip charge meter with on chip volt- 
age regulator and supervisor, E2PROM and other de- 
screte components becomes possible permitting signif- 
icant cost and space reductions. 
[0113] The operation of this embodiment will now be 
described with reference to the flow chart of Fig. 10. In 
the description, the following variable names will be re- 
ferred to: 



Rs Battery pack series current sensing resistor 

Vrs Voltage measured across the sense resis- 

tor Rs 

Ifpwm Av fast charge current during PWM cycles 
Irsf Fast charging current 

Irsfmax Max fast charging current 
Irst Trickle charging current 

I rstmax Max trickle charge current 
I rsq Quick charging current 

Irsqmax Maximum programmes quick charge cur- 
rent 

Imaxpk Max peak charge current permitted 
Vpak Voltage across all cells 
VcelAv Voltage across all cells divided by number 
of cells 

Vcelmax Max permitted cell voltage (Irs < Imaxpk) 
T5fc Max fast charge time based actual charge 

and computed charge rate for the given 

battery capacity 
8amb ambient temperature 
9cell cell case temperature 



[0114] Operation begins with the micro-controller in its 
rest mode (1 000) as described above. When connection 
of the charger is sensed (1 024) and if there is no current 
Irs through the sensing resistor (1025), the microcon- 
troller is returned to the rest mode for 1 second. If this 
previous step has been performed less than 10,000 
times, control loops back to point (a), if the 10,000 count 



has been exceeded, the rest mode period is extended 
to 10 seconds (1002). 

[0115] If the current detected at 1025 is not a charging 
current (1026), control passes to the discharging regime 

5 as described above (1003). Otherwise, transistor Q1 is 
turned on and a determination made of the parameters 
Irsf, Vcelav, 8amb and Gcells (1004). The cell voltage 
readings are then temperature and amplitude normal- 
ised (1005). If the ambient temperature (6amb) is out- 

10 side the range for which fast charging may be safely un- 
dertaken (1 006) then control passes to establish a quick 
charge regime (1010) by turning transistor Q1 off and 
quick charge transistor Q2 on. At the same time, Irsq is 
measured and normalised. If the average cell voltage 

'5 (Vclav) exceeds the maximum allowable cell voltage 
(1011) or the sensed current exceeds the allowable 
maximum (1012), then control passes to the trickle 
charge state (1 01 3) by turning off both transistor Q1 and 
transistor Q2. Otherwise, extended quick charging 

20 mode is entered 1014, in which the quick charge indi- 
cator is illuminated, current is sensed, the charge rate 
per second is computed, and the battery condition and/ 
or time display updated. If the measured cell tempera- 
ture profile equates with that indicative of full charge 

25 (1015) then the trickle charge mode 1013 is again en- 
tered except this time the charge register is set to 95% 
(1014). If full charge has not been reached and the max- 
imum quick charge time has elapsed (1016), trickle 
charge mode is also entered (101 3) but the charge reg- 

30 ister is not set to 95% but left at its computed value. If 
the quick charge time has not been exceeded, meas- 
urements are again made after a delay of 1 second 
(1017). 

[0116] If the ambient temperature is within the fast 

35 charge range (1 006), then a test is made to see whether 
the sensed current exceeds the maximum allowable 
current (1007), and whetherthe cell voltage exceeds the 
maximum allowable (1 008). If either of these conditions 
are true, quick charge mode is entered via step 1010 

40 rather than the fast charge mode. On the contrary, if fast 
charging may safely be performed the fast charge tran- 
sistor Q1 is held on with the fast charge indicator illumi- 
nated for 3 seconds (1009), the micro-controller is pro- 
grammed then to compute and set the temperature pro- 

45 tile, measure the required parameters and compute a 
pulse width duty cycle to arrive at the appropriate fast 
charging current if appropriate. The display is also up- 
dated with the metered charge and the time to full 
charge as well as the pulse width modulated current cy- 

so clebeingcommenced(1018). If the maximum allowable 
fast charge time is exceeded (1019), then the trickle 
charge regime is entered (1013). If full charge has not 
yet been reached (1020), then control loops back to 
steps 1018 for measurement updates, fresh computa- 

55 tions and pulse width modulation. 

[0117] When the recorded temperature profile with 
time is indicative of full charge (1020), then the charge 
register is set to 95% (1014), and the trickle charge re- 
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gime (1013) is entered. The current through the sense 
resistor Rs is again measured and if the maximum is 
exceeded, then a warning/emergency procedure is en- 
tered (1022). Otherwise, trickle charge is maintained 
with the trickle charge indicator illuminated. After a com- 
puted interval of time to allow for top-up charge, the 
charge indicators are updated with the charge register 
set to full charge for the determined battery capacity 
(1023). 

[0118] A particular feature that will appreciated is that 
of calibration. Embodiments of the present invention 
may be arranged to undergo a calibration on initial as- 
sembly which permits a measurement accuracy equiv- 
alent or suprising that available with analogue arrange- 
ments based on instrumentation amplifiers without the 
cost of the latter. The configuration of the micro-control- 
ler relevant to calibration is shown in figure 12. 
[0119] The micro-controller 1600 includes and ana- 
logue to digital convenor 1601 (already described) and 
a current generator 1602. With no connection to termi- 
nals 1604, 1605 and when calibration is required (on first 
assembly, for example) the current source is energised 
and current flows to system ground (1 607) via R bias . The 
voltage present at the convenor input is measured and 
stored in PROM 1 606 as a value representative of zero 
cell voltage, the cells being fully discharged. To com- 
plete calibration a known current (supplied by connect- 
ing a known calibration source 1 608) is supplied and an- 
other measurement taken. Calibration is now effected 
since the two fixed points enable calculation of both off- 
set and gain of the measurement system. 
[0120] The arrangement may be similarly calibrated 
for voltage and temperature with values being stored in 
PROM 1606. It will be appreciated that calibration may 
be performed as part of assembly and with no external 
instrumentation. Calibration can even be made without 
cells in place if a suitable alternative is connected. 
[0121] Continuing with the example of current calibra- 
tion, the converted value measured with the current gen- 
erator 1602 on is defined as zero so that, with a 12 bit 
convenor, there can be 2048 steps positive (charge) and 
2048 steps negative (discharge). A two step guard band 
is employed. The actual value assigned to the maximum 
convertable value is determined by connecting the 
known (relatively high) current source 1602. 
[0122] It will be appreciated that using a known cur- 
rent generator 1 602 to shift the value a zero away from 
true zero eliminates the effect of offset (a particularly 
problem if of any measurement were to be used) and 
enables reliable factory calibration to be achieved auto- 
matically without the need to perform adjustments. 
[0123] Also permitted is a high resolution (350uV 
step, for example) with a low value of sensing resistor 
(20m Ohms). This is advantageous since it allows, at a 
battery current of 7 amps, the design goal of 1 watt pow- 
er dissipation to be met. This value of sense resistor also 
becomes integratable since absolute value is unimpor- 
tant due to calibration. 
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[0124] A physical realisation of the embodiment de- 
scribed above is illustrated in Fig. 7. Rechargeable cells 
11 are connected to a printed circuit board 70 bearing 
components making up the embodiment, including ther- 

s mistor 71, microcontroller 72, power components 73, 
display 74 light emitting diodes 701 and switches 700. 
The cells 11 and the control board 70 are placed in a 
housing 75 which has two faces 76 and 77 respectively 
adapted for connection to the apparatus to be powered, 

10 for example a video camera, and to a charger keying 
can be used to prevent erroreous connection. Electrical 
connections may be affected via metal surtaces present 
in mating flanges 78 to make connection between the 
battery pack and apparatus to be powered or a charger 

is or both. The connection include supply connections, a 
charge connection, and a data connection. In the 
present case, a two part housing is shown for assembly 
convenience. 

[0125] A case with a standard footprint may also be 
20 used, since but virtue of the present invention a charger 
"incompatible" with the cell type may be used. This 
makes latest battery technology (Metal Hydride, for ex- 
ample) available to existing equipment originally sup- 
plied with a Ni-Cad battery pack and standard or be- 
?s spoke footprint charger. 

[01 26] Since many types of charger may be employed 
with the pack a case adapted to fit different chargers of 
many footprints may be used. A pack having a "charg- 
ing" face or footprint and an "application" face or foot- 
30 prints is also envisaged. 



Claims 

35 1. A battery pack (10) including a cell or cells (11,12) 
arrangement forming a battery, means for sensing 
(R6 or Rs) a battery operating parameter, and a se- 
lective current shunting circuit (R1 and T1 ), charac- 
terised in that: 

the selective current shunting circuit is opera- 
ble to increase the temperature of the battery 
pack (10) in a vicinity of a temperature sensor 
element (18) of a conventional charger (16) by 
45 a current through a shunt resistor (Rl ) switched 

by a switching element (T1 ) to bypass the cell 
or cells (11,12) when a predetermined operat- 
ing parameter of the cells is detected by the 
means for sensing (R8 or Rs). 

50 

2. The battery pack as claimed in claim 1 , wherein the 
sensed battery operating parameter is current into 
or out of the cell arrangement. 

55 3. The battery pack as claimed in claim 1 or claim 2, 
wherein the sensed battery operating parameter is 
cell temperature. 
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4. The battery pack as claimed in any one of the pre- 
ceding claims and further characterised by a micro- 
controller (figures 4 and 5, with CPU (38)) to control 
the switching element (304 or Q1 and Q2). 

5. The battery pack as claimed in claim 4, character- 
ised in that the micro-controller accesses a memory 
(39 or 300) containing pre-determined cell informa- 

6. The battery pack as claimed in claim 5, wherein the 
predetermined cell information is a characteristic in- 
dicative of full charge. 

7. The battery pack as claimed in any of claims 4-6 
and characterised in that the micro-controller has 
access to an non-volatile memory (42) in which a 
current battery status may be stored. 

8. The battery pack as claimed in any one of claims 
4-7 and wherein the micro-controller is arranged to 
perform a computation of actual battery capacity 
based upon charge cycle end points. 

9. The battery pack as claimed in any one of claims 
4-8 wherein the micro-controller is arranged to per- 
form battery conditioning by means of enforcing a 
charge/discharge regime for the cell arrangement. 



Patentanspruche 

1. Batteriepack (10), mit einer Anordnung aus einer 
odermehreren Zellen (11, 12), die eine Batterie bil- 
den, einer Einrichtung zum Erfassen (Re Oder Rs) 
eines Batteriebetriebsparameters und einer selek- 
tiven StromnebenschluGschaltung (R1 und T1 ), da- 
durch gekennzeichnet, da(3 

die selektive StromnebenschluGschaltung so 
betreibbar ist, dal3 die Temperatur des Batterie- 
packs (1 0) in der Umgebung eines Temperatur- 
sensorelements (18) einer herkdmmlichen La- 
devorrichtung (1 6) durch einen durch einen Ne- 
benschluBwiderstand (R1) flieRenden Strom 
erhoht wird, der durch ein Schaltelement (T1) 
geschaltet wird, urn die Zelle Oder die Zellen 
(11, 12) zu umgehen, wenn ein vorgegebener 
Betriebsparameter der Zellen durch die Erfas- 
sungseinrichtung (Re Oder Rs) erfaRt wird. 

2. Batteriepack nach Anspruch 1 , wobei der erfaGte 
Batteriebetriebsparameter ein Strom in die Zellen- 
anordnung oder aus der Zellenanordnung ist. 

3. Batteriepack nach Anspruch 1 oder Anspruch 2, 
wobei der erfaGte Batteriebetriebsparameter die 
Zellentemperatur ist. 



4. Batteriepack nach irgendeinemdervorangehenden 
Anspruche und femer gekennzeichnet durch eine 
Mikrosteuereinrichtung (Fig. 4 und 5 mit CPU (38)), 
die das Schaltelement (304 oder Q1 und Q2) steu- 

5 ert. 

5. Batteriepack nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die Mikrosteuereinrichtung auf einen 
Speicher (39 oder 300) zugreift, der vorgegebene 

10 Zelleninformationen enthalt. 

6. Batteriepack nach Anspruch 5, wobei die vorgege- 
benen Zelleninformationen eine Eigenschaft dar- 
stellen, die eine vollstandige Ladung angibt. 

is 

7. Batteriepack nach irgendeinem der Anspruche 4-6 
und dadurch gekennzeichnet, daBdie Mikrosteuer- 
einrichtung Zugriff auf einen nichtfluchtigen Spei- 
cher (42) hat, in dem ein momentaner Batteriesta- 

20 tus gespeichert werden kann. 

8. Batteriepack nach irgendeinem der Anspruche 4-7 
und wobei die Mikrosteuereinrichtung so beschaf- 
fen ist, da(3 sie eine Berechnung der Ist-Batterieka- 

25 pazitat anhand der Ladezyklus-Endpunkte aus- 
fuhrt. 

9. Batteriepack nach irgendeinem der Anspruche 4-8, 
wobei die Mikrosteuereinrichtung so beschaffen ist, 

30 daB sie durch Verstarken eines Lade-/Endladebe- 
triebs fur die Zellenanordnung eine Batterieaufbe- 
reitung ausfuhrt. 



35 Revendlcatlons 

1. Bloc de batterie (10) comprenant un agencement 
forme d'une ou de plusieurs cellules (11, 12) for- 
mant une batterie, des moyens (R9 ou Rs) pour de- 

40 teeter un parametre de fonctionnement de la batte- 
rie, et un circuit select if de shuntage du courant (R1 
et T1 ), caracterise en ce que : 

le circuit selectif de shuntage du courant peut 
45 fonctionner de maniere a accroltre la tempera- 

ture du bloc de batterie (10) au voisinage d'un 
element formant capteur de temperature (18) 
d'un chargeur classique (1 6) par un courant tra- 
versal une resistance shunt (R1) cormmutee 
so par un element de commutation (T1 ) pour con- 

tourner la cellule ou les cellules (11, 12) lors- 
qu'un parametre de fonctionnement predeter- 
mine des cellules est detecte par les moyens 
de detection (R9 ou Rs). 

55 

2. Bloc de batterie selon la revendication 1 , dans le- 
quel le parametre detecte de fonctionnement de la 
batterie est le courant penetrant dans I'agencement 
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de cellules ou en sortant. 

3. Bloc de batterie selon la revendication 1 ou la re- 
vendication 2, dans lequel le parametre detecte de 
fonctionnement de la batterie est la temperature de s 
la cellule. 

4. Bloc de batterie selon I'une quelconque des reven- 
dications precedentes et caracterise' en outre par 

un microcontroleur (figures 4 et 5, avec I'unite cen- 10 
trale CPU (38)) pour commander I'element de com- 
mutation (304 ou Q1 et Q2). 

5. Bloc de batterie selon la revendication 4, caracteri- 
se en ce que le microcontroleur accede a une me- >5 
moire (39 ou 300) contenant une information pre- 
determines concemant la cellule. 

6. Bloc de batterie selon la revendication 5, dans le- 
quel information predeterminee concemant la eel- 20 
lule est une caracteristique indicative de la charge 
complete. 

7. Bloc de batterie selon I'une quelconque des reven- 
dications 4-6 et caracterise en ce que le microcon- 25 
troleur a acces a une memoire non volatile (42), 
dans laquelle I'etat actuel de la batterie peut etre 
memorise. 

8. Bloc de batterie selon I'une quelconque des reven- 30 
dications 4-7 et dans lequel le microcontroleur est 
agence de maniere a effectuer un calcul de la ca- 
pacity actuelle de la batterie sur la base de points 

de fin du cycle de charge. 

35 

9. Bloc de batterie selon I'une quelconque des reven- 
dications 4-8, dans lequel le microcontroleur est 
agence de maniere a effectuer un conditionnement 
de la batterie au moyen de I'application forcee d'un 
regime de charge/decharge pour I'agencement de 40 
cellule (1). 
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